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to be used in con;unctmn with a pcwer supply for operating night vision image intensifier
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ABSTRACT

T A MBI 47 <oy

The fourth Quarterl.y Report for Contract DAABO7 76-C- 0008 describes the progrens nnd
status of this program to establish a cost-effective production capability for 18mm and
25mm piezoelectric ceramic transformers. The construction and test results from engi-
neering samples are reviewed, The life test station and results on tne first and second
engineering samples are also presented.
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PURPOSE

This Produciion Engineering Measure (PEM) contract covers all of the tooling, test
methods, package designs, mounting techniques, intecconnection techniques and other '
manufacturing methods and techniques required for eventual production of 18mm and

25mm piezoelectric transformers. These units are to be used with a power supply to
improve the performance and reduce cost for image intensifier tubes used in various
night vision devices.
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SECTION I

!

APPROACH .

[/

Our approach to both the 18mm and 23mm PET designs, its advantages and the analytical ‘ 3

method used to determine performance of these iransformers was discusseu in the lirst | ;

quarterly repurtu). 3

! x

%
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. (1) First Quacterly Progress Report, Production Engineering Measures (PEM), 103
1 Manufacturing Methods and Techniques for Piezoelectriz Transformers, Contract
Number DAABO7-76-C-0008, July 14, 1975 to October 14, 1975, Y3
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v SECTION 1l
: PROCESS REVIEW

|
!
. Lo 3

This sectior updates the status of each process step planned for mgn"‘\afucturmg bum the
18mm and 35mm PETs. Since there are only minor diffurences betwoen the 18mm and
25mm process, one p:?9cul outline will suffice. The ae"r niaterials and spvcial tooling
that have been purchae/"cd. designed or bullt=and not discussed in previous quarterly re-
porta =are discussed below.

A. RAW MATERIALS

The standard operating procedure for processing raw materials, calculating batch compo-
sitions and compounding each batch was fully described in the first quarterly report. n

B. COMPLETED PROCESSES

This section will describe or update those manufacturing procedures that have been com-
pleted thus far in the first four quarters of this program. Each opecation given has been
previously (2 3) identified with a number, descripticn and a list of the materials, tuua,
fixtures and procedures required to complete this operation. Oaly those uperations that
have been revised ar not previously described are discussed. Figure 1 is an update of the

process flow that identifies each operation. Appendix A ceontains a detailed parts list and
drawings for the 18mm and 25mm PETSs,

{2) Second Quarterly Progress Report, Producdon Enginecring Measure (PEM)
Manuvfacturing Methods and Techniques for Piezoelectric Transformers,
Contraci Number DAABO07-76-C-0008, October 14, 1975 to January 14, 1976.

(3) Third Quarterly Progress Report, Production Engincering Measure {PEM)
Manufacturing Methods and Technigques for Piezoelectric Transformers,
Contract Number DAABO7-76-C-0008, January 14, 1976 to April 14, 1976,
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- Manufacturing Procedure for .
18mm and 25mm Packaged PETs

Oy v

~ Slug Processing (1, ~'inge)
Hot Press Slugs {no ch;nge)
Blanchard Grind Slugs (top and bottom) (no change)
Core Drill Slugs (no change)
Hone 1. D. of Slugs (add tolerance)

B.2 1.040 % 0,001 inch 1. D. for 18mm
1. 700 £ 0. 001 inch I. D. for 25mm

Grind O. D. of Slugs

B.3 Correct Diameter to 1. 475

Slice 25mm Half Torroids (no change)

Mount and .Slice Slugs (no change)

Clean Elements (no change)

Inspection of Unelectroded 18 and 25mm Elements (revised)

Inspect sample for mechanical size per Dwg. No. 28100576 or
28100571 respectively.

Apply Silver Electrodes (no change)

filver Fire (no change)

Polarization (no change)

Check Polarity (formerly OP 125)

wweleted former OP 130 and made a part of OP 150)
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CP 140

old

new

new

new

OP 140

PET

‘Al

A3.

A3.

AS.

-
o

A6,

AT.

As.

C9.

Clo.

cl.

PET

Al.

A2,

A3.

AS.

A6.

A1,

C9.

Clo.

Cci.

Package Pbeparatlon 18min (revisions)

Package Case Top - Dwg. 28100581

Terminals - Dwg. 28100572

Deleted

ltmm Shorting Straps Top - Dwg. 381060579

18mm Pins - Dwg. 28100570-002

Same as old A8

Same as old A9

(to read) Ultrasonic clean package case base in freon
Delete

Delete

Package Preparation 25mm (revisions)

Package Case, Top - Dwg. 28100574

Package Case, Base - bwg. 28100575

Terminals - Dwg. 28100572

(to read) P_ Terminal Pin - Dwg. 28100570-003
25mm Shorting Straps, Top - Dwg. 28100573

25mm Pins - Dwg, 28100570-001

{to read) Ultrasonic Clean package case base in freon
Delete

Delete

]
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‘ QP 150 Top Case Element Assembly (revised)
A. Materials
1." Conductive epoxy
2. Nonconductive epoxy
'; 3. Solder
4. Gold Wire
‘ B. Tools and Fixtures
1. -Solder Iron
2. Curing Oven
3. Tweezers
4. Snips

C. Procedure -

1. Solder gold wire to + terminal of first PET element,
Dwg. 28100576 or 28100571.

2. Solder end of gold wire to each P_, V12 and V 3 shorting strap and
insert wire through 0, 002 inch hole of top case, Dwg. 28100577
or 28100569, as in Dwg. 28100560 or 28100561.

3. Fold each wire into proper place (P_, V12 and V3) per 28100560
or 28100561 and attach with conductive epoxy.

4. Add non-conductive epoxy and next element.

5.
[
PR
i .
i1
]
3
2
o
[ ]
i
3

3. Cure in oven,

6. Fold in place P, wires and attach with conductive epoxy per \‘ ;
Dwg. 28100560 or 28100561. This compietes 18mm assembly. \,‘

For 25mm assembly add non-conductive epoxy and next element.

S N RN T SR

7. Cure in oven.

[ I

8. For 25mm repeat 3 through 7 as required to complete assembly
Dwg. 281005661,
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Process Control Electrical Check (titls change)

B2, (to read) From test console record resonant fréquendy, input voltagc,

- . input current and oviput voltages on data sheet anu check against the
_room temperature rejuirements on Dwg. 28100460 or 281¢ J56!.

Final Package Assembly (Revisions)

A2, (to read) sclder iron

Bl. (to read) Select a top case, Dwg. 28100677 or 28100567, and a basge
, case (Dwg. 28100578 or 28100568); then align shorting pins from base
" case with holes in top case.

B2, Same as previous B-3.

B3. After all pins have been inserted in the package and it is fully closed,
snip off excess pin length and solder to shorting strap.

B4. Same as previous B-T.
Finrl Inspection (Revisions)

Inspect packaged 18 or 25mm piezoelectric transfurmers per Dwg. 28100560
or 28100561, respectively.
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STATUS AND FUTURE WORK

This section describes the status of work against the various tasks outlined in Figure 2
which were active during this fourth quarter of the program.

A. TASR 1-6

Work completed pieviously.

B. TASK 7 - POLARIZATION TOOLING

Work on the palarization tooling has been Yeihyed until next quarter.

C. TASK 8 - TEST CONSOLE

The first life test power supply was completed and put into service on May 14, 1976,
Figure 3 is a photograph of the power cupply, the 18mm test box and 25mm test box that
can be used with each power supply.  Figure 4 gives the circuit and chassis wiring dia-
gram f{or the life tegt console.

Each console will drive up to six PETs at 120 percent of their rated input voltage ana at
the resonant frequency of each transformer. The testes continuously monitors the PET
for shorts and abrupt changes in input current. The test console can wlso be used to mon-
iter the performance of the PET s during vibration, humidity or other types of environ-
mental testing.

A second console was also completed June 18, 1976 for use in testing the second engineer-
ing samples. This completes this task.

TR
1

D. TASK 9-13

Completed previously.

ikl i

waiellrr,

ks

Ltk ade Lo,




Rl o A T E

[t e g el e 1

s

IInpayos Jsutedy snieyg weadoud 7 sandy

$31v0 NHL3ENOD NI DY A\

$34vQ NI VAN DD GISIAIY HO TYNICIN0 v
18v1S 0% v 108ddv ¥04 19370 ]

m

I N

TR e T e

Y T . Y S [T 8 YT 4 e e

QINAD:Y Sy ATHILAVYN0 F51ATY
- H.Smmsm ANy WIIATYE XOILYNIVAI ONY 1531 S¥ UL
1Y 1WA ONY 3 UNY NOI1SIA 3
R ’ \Gvr000. 18093y WHINID 82
S . . OYP000) L¥0AIY TvHld CL2
R vi. v < v v vw (3vp000; S1E0JIY ATHIINWAD 92
P e —dt — — 4 — — lpo-vivVVive YYPOOD S150434 ATHINDIN  S2
“ v {GYE0N0Y LB0dIY 1531 2
, —- 1YYE000) 1¥043Y 1531 '€7
» # . - . v WYZ000! 1¥3d 22
A e NOILDIASN
V- e gung
WI000° -n'2 107 12
o ‘Bv1000° S¥IL 07
. QNG INHNYS ABOLYBINDGD "6l
i WIATW NONIVII D34S "8T
V SIDINVHIIOL WO SISATyNr ONJUL 21
: - Wwy1000: S¥31 ‘9t
, mm— S31dNVS "¥ONI ANODIS GWNE "SI
(wv1000s SHIL b1
g _ = SIdMYS "YINI iS¥II 0UNE €T
_ R Pt $38N030084 1574 IR 71
ORI00L IMLINNON 380 1T
v-1-—-- OMTO0L INIOYXIV 380 01
y—r—- ONID0L NOILDINNIDNILNI 380 &
L AV 370SN03 1531 390 'S
w"w-—--- A ok BT INIT00L NOILYZibvI0d 380 ¢
T' INI001 NITJWIS NS 380 9
L o v NDISI0 300¥1D373 'S
v NOILDMITN LS3D ONDNS ¢
. - NOILJN03Y LSOD ONISSIYD LOM  °f
A SIdNVS ONII00BS N SZ OW BT "2
, W NOHYEYdINd TyIvn 1
F¥3 L] sepgz)ic|izfoc]er| srjen]orfstfer]er] ztfrcjorf{e |efce]ofsfefsl:!
Siv riwjvintairiafnjofs] vlricimlvinm|alrfaln]ols]v]+
LL6Y 96t Si61
(AR S, R (RS I SRS S SR O T T S O S
DG St N o it it Wbt b IO 3 Db i, b M Ao RN 41 v RS o i ol o i ol ot W Zori

gt il g

b d Lt

irbril

Ll d gl

e

IR

PO




—————T U L

ey

i
£

Figure 3, Life Test Console

E. TASK 14 - TEST AND EVALUATION OF FIRST ENGINELERING SAMPLES

Life test on the three 18mm and three 25mm PETs has reached about 1250 hours without
a failure., They will complete their 2000 hours of testing next quarter,

F. TASK 15 - SECOND ENGINEERING SAMPL}k BUILD

Twelve 18mm and 12 Z5mm PETs were built and subr.itted to inspenstion on June 11, 1976,
Process changes have .ezn noted in Section Il, The most significant changes incor=
porated in this build are: (1) elimination of the 18mm pachage problem, (2) elimination of
the base side shorting bar and interconnections associated with the base side in both PET
designs, (3) bonding of ceramic elements and (4) introduction of svldered gold ribbon leads.

G. TASK 16 - TEST AND EVALUATION OF <¥7OND ENGINEERING SAMPLE

Figure 5 shows the 12 18mm PETSs, and Figure 6, the 12 25mm PETs which were gub-
mitted as second engineering sumples for test and evaluation. (The test sequence for the
18mm and 25mm PETs is indicated in Tables I aud 1I, respectively.) The test results are

summarized in ‘Tables III and IV for the 18mm and 25mim PETs, respectively, while Table V

e L. P g 1} T N L AT TRy
- iov e i sy e it

e it e ot Lt




B Lk R ok I DAt

E 3
3
3
= %
F
E
3
k-
X

S P T S

ool

Aarans 1

3

e

I

vOL YAGE
L LI§

604Q)

%0

0.0014

510Q

19ix

10

FRRATIC

CraREnT
€KY 1
L,____{j X
]
10 PHASE E
tobs =

>4

OB . o et

-8v SO0URCE

1

o

w15V 7
‘1°Lr- 324l o
3.8 . 3
0.00%6 3
4 LM339 i
0.01 + TN e ¢
10¢ . g
it ‘E -
3 "isv sy . 3
1 3la 01 ;
Y | 100 LT 14 * :
b ¥ k] I il :
2 a1l 7
e
P -15v 18y :
vlhy oSy 82y ;;
470 ot -.;
4.99%Q 3
3

19y SOURCH

1

COMMON

S
pokdin

a, Input Card

+15 SOURCL

I\

BE

-15Vv SOURCE

A

17 18|

Figure 4. Circuit Diagram for PET Life Tester

et

7
2
*

i bk et A e e ot i LR

st g A W e B 5
e imwit it St

F RV S S E U

23 11




1
i
4
i
1
A
4
!
()
Y
!

pas) mdmpo °q

L L RS el 14 €

€
&

J28N0S AST- 3JuN0S AST+ INN0S A S+

N1 IINNGD
on

(PanuTIU0 ) 3ANBIL VT LA J0] weaBeiq N1 “§ aandry

oot

F2WN0S AS-

i
i
!
w\._
#

R
j

R T P T T




P 1 SRR NA A S S A M P

el 1

i KA Y BN =
1] q-—'ﬁ—-—ﬂ-—)% o

# 40 o

. gy =P80 o3
5 AP 40 CHA
o8 & X}4=Db—> 20 s
” q._n_;_q_)ao CHe

AL AND M? ll( 10C P CONNECTORS FOR
_RARDS A1 ARD A2

xA

1 P
2\ G 22

23 @i g 28
3 e 32
BE————P
4l P 2
43—
L] —— T
53 g 54
£l e b2
63 G 4
1 G 72
[ ) S— S

P 44

XA] PINS
AL $
- 22 1
T 2 o
Rl 2% o )
s 1 | B
34 [}
SEE FIGURE  SWIELD
44 For 70 XA1-34 / 36 J
g:, 44 CH3
35 de
Er S T I
g% 51 fema
E?# 56 J
3 62 -
s\ 84 }eus
X o o
\ 72 -
72 b
w»w
B 1718
q'w? lev
s1uv l ™ out
v 4
l €
ru»on-uu /1

ony

n

L

T sV
[N ‘:(L !

1 AN

-_—./ ———
e I"‘ e —‘—f E

¥ 'ure 4,

e

¢. Chassis Connections

13

(KA Py

XA2-26
XA3-29%
RA2-3%
XA1-35
XA2-44
NAL-4%
RA2-94
XA1-5%
XAZ-66
XAY-65
XA2-76
XAL-TS

FRONT PANEL PUSNOUTYON
SWITCH
I ALL CON‘MCTS . 0

—ato—
—s

$2 CN)

—ste
i
< o

$3 cn2

54 CH3

5% Cha

S6 CHS

Circuit Diagram for PET Life Tester (Continued)

$7 CHe

<
&
€

-5V
-5y

o A st b L

e

R AP

[N S

;
1




TS e ey

_ (papuyduo))) 13831 AT LAJ J0] ureadeig ynoI1) ¥ aandrg
samxyy pue Iqed ‘P

9191 49 TIIMAINOH

3dAL QUYD Jd 40

gﬂ—.—. NN NNSZ Gy 81 . aN3 KoNd 30VN
ASNVEL £ HO4 XNE JuniXid VOLIINNOI MId OF

—— oA — "

**_ﬁ“.ﬂ-o—__—l\*—“-
-
‘ o
-
-
-
a———
v
<§
r

-

-

5[

-4
[

3

N

N EERELEE!

LRE LS

BN
091-0¢-51-1-§ »ve 13349

HLINI
SINOT HOND \ll 3792
BOLIINNOD Y

maoe [31 o
xve 3o 33§

43S /I (S3¥M ©) ,

378v) 01431 ]

050 13MS i
¥0130QN0J €

ST ST fo 7 e T U T ACRERS K Trm < e

LA Y

03§>—1
Iy
U
i

l‘llilll"‘l‘.l‘"ll v —

kL
w0
A
B
il
i
i,
b
M
B!
Py
k2]
L
B
i
5
o
B
[

o i

S R e (o sl VR

W!




W' e :

e e TR A EC N TR B

34

a. b. Baoe Side

Figure 5. 18mm PunTs Submitted as Second ingineering Samples
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Table I, Summary nf 18mm Second Lngmeering Sample Test
and Evaluation Results

ot | pecttiod e ater Neor ot o1 014 s are ) ata I 020 o 022 o021 024
A ltem Definition {Gieumetey)
1,1 Muterial Dopeni
B{2e 110,
i 3,3 Physical Characteristics 5 pme imax)
; ] %4 {Rest mee to woldering Weat | 780 €/30 wee
33 [ Sotderatitity )
: 1,6 ‘Terming) Strengih mm L{2 Iy ! . N ’ tn‘
' 3.1 Induced Voltage 150% UK 0K 1.3 . .
K Roum Temp, Input Yultage 5 Yoltd tpep} 4,17 4,63 4" 4,74 4,11 4,47 4,50 3,41 4.48 4, 02 4,18 4.0
Hegonant Vregue ney 33,11 0,2kl2 0,724 11,88 a0, 86" i1, 186 3,875 H, 0T 42,476 #1558 3, 487 €, 315 10,912
Efficiency vt Hesonance 455 min 1.3 4.4 22,6 1.4 2,1 5 22,8 6.5 1,2 20,8 4,8
; Vull"r se:m::n u..uo at 1o i " ,
: 17 23{23 100/78 1277126 |12y 156 /147 67775 14210 240/247 | "8/100 137/162 /o n3/112
1,8,4 {lnput Capacitance/ 14,000 pf ) 4% 18,00 26,83/ 26,47/ 24,84/ 26,48/ 16,44/ 25,44/ 22,8/
) ™asipation .77% max 1,01 1,03 .4 0,60 [ 1.02 0,82 1,08
1,8,5 [Secumlary Conncitanie 7.6 pf .8/ #,1/ 14,0/ 12,8 13, 4/ 12,2/ 1.9/ 1,4/
Dissspar on Factor 8% n 2,2 n& 1,0 1.2 t.0 0, 2,2 9,6
LR IHigh lemp. 52°C12 C ]
Input Voltage 5 Yoults tpep) 4.67 4,00 4.4 4.74 4,03 4.53 4,58 4,41 4,72 4,80
A, 1 j Resunance Frequency 4,140,212 N, BR" 32,988 31,897 38.588 i,070 J2,020 I8,682 -3,025 K,884 30,704
: 3,47 | Etficiaacy at Resonance 50% mn 0,3 24,6 21.8 2,1 ! 10,7 32,4 24,7
: Aot V"“N' et Ao 170 1 11 Vil4 torfios {13zhiaz | 1one | 161/195 | e8/81 1397135 102/106
. 3.10 |low Temp, - 54 12°C
Irput Valtage 5 volte lpap} 4,84 4.4 4,55 4,74 4.4 4,55 4,84 4,28 4,33 4,80 4,13
3,10, | Hesonance Frequency I,310.2 klix 28,587 12,854 1,672 38, 70% 31,08% 30,132 18,733 31,576 0,648 k1P at 10, 368
3.10,2} Efficiend 5 al Reaonance 5% min 15.5 17,0 14.4 4,0 15,4 7.4 18,7 "e
3,10. 3] Vultpge Step=up Hatio .t ’
v N:, Hesonance 85 14,5 1022 L IEY] nyfog 14/10 " [AR 43/47 #a/n 1147114 | 62/50 61/832 52/54
TS Thermal Shock No Darnage OK OK OK UK oK Ok Ok, OK OK OK OK OK
L V) tigh Temp, Sturage T1C 2hra min oK (%3 (K
313 Low Temp, Storage *68°C 2 hr min 1K K UK
114 Mignadity 5% Ril at
52°C 8 hea mitn OK OK OK
315 Mechanicil Shock per 4,5,13 Fatled oK (¢4
, s Mechanicat vibration per 4,5 12 0K oK oK
- 1,17 | Reduced liarometric Press, | 3.44 in. for | hr OK OK OK

+ PET unit crushed by mounting fisture,
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Table IV, Summary of 25mir Second Engineering Sample Test g—"
and Evaluation Reaults R 3
ﬁt-:;‘::. Speriified Paremeter ._'::::"._l oty ot os o o0t os | o [ 1] [} ] [ 3] 024
%1 ttemn Definition (Geometry?
3.3 Material Doped
PRZrT10,
.3 Fhysicsl Characteristics 3 gm) (mas; :
3.4 Res wance to Bolderiag Heat § 280°C/30 sec oK o OK %
1.5 | scideremiiny o oK o z
5.4 Terminad Rrength min b/t b o oK
3.1 induced Vohage 1% 3.3 oK oK
X Room Tamp, loput Voltege | 3 Volts (p-p) 4.%0 4.4 4.4 X 4.58 4.58 i.68 4.58 4.87 1.0 4.4 .68 |
3.8,1 | Resomam Frequency 33,910,2ktx 30,475 | 30,058 | 30.343 | 90,275 § 29,611 [30,534 | 30,827 | 30,644 | 30,383 [ 29,998 | 30.157 | 30,330
3,0,3 | rfficiency at Resonance 43% mia 58.0 30,8 58,4 87,7 30,8 " 48,9 4.3 L TR ] 12,8 1.9 F )
el ¥::”: m&mn 170 £ 11 177118 | Viorio | isasime | isasine | riasa2e {aaniine | 1207123 | vassiae | nnorron | rases | tizsioa} nunae
3G CAtantance] 14,000 pf 4% 31,32 [ 3080/ | S0.03f | 32,04/ | 3aSaf (32,000 | 264l | 3082/ | 3210 | 33307 | Co.s8/ | 0.8
L 15% max . 90 0,87 0,89 , 80 1,00 .71 0,62 0.47 0,83 0’61 0.8 0,10
3.0,3 | Secondary Capacitance .8 pt 2 4% 14,2/ | e.8/ 10,4/ 18,9/ | 14,4/ 8.8/ 13,7 | v 6.5 | 10,1/ 10,87
Dissipation Factor 4,68 max 0.1 [ X7 0,88 0,90 0,47 0,88 0.3 0,78 t. 19 0.84 0,18 0, 46
39 High Temp, 32‘Cs3*
Input Voltage $ Volts {p-p} 44 449 440 4,39 452 4.4 4.61 [T 4.8 480 454 444
3,9,1 | Renonance Prequency M.110.2%Hs [30,709 {30,282 [ 30,758 | 30,903 | 29,510 [30,70 | 30.%01 [ 30,04 | 30,439 | 30,074 | 30.289 | 30,321
3,9, | Etfictancy st Resonance $0% min 58,9 31,1 81,7 811 20,7 48,0 30,9 ., »n,9 2,1 247 33,1
3.8.3 g;:"; i‘;r;":ng:'“ a 170217 1977198 | 1717173 | 197/200 | 107/200 | 102/108 | 1707085 | 117/113 ] 179/174 ] 123/13%] 98/84 | 1157108 152/135
1,10 | Low Temp, -S4 TT
Input Voltage 5 Volts  ~pr 4,58 4,54 4.9 4,5 4,60 4.7 7 4,55 4“1 400 4.80 4,50
3,10,1 | Resonance Prequency 35,320,3%Ms  29.410 [ 29,128 | 29,380 ] 20,201 | 20,845 | 20,464 | 20,8104 | 20,621 | 29,311 [ 28,208 | 29,473 | 29,324
3,103 | Efficiency st Resonance 5% min 21,7 20,8 1.3 18,7 28,3 10.8 23.9 n4 23,8 0.0 1.3 18,4
3.10.4 ‘v"l';‘,"; Hap-up Ratio at TP 100/99 | 10s/100] 11772 | 100/98 | tossior [ensr3 | ass11 | awse7 [ saea | swse | 1iaima | earme
Y] Thermal Shock o Damage 4.4 [4.4 (4. 4 TR £ TR ™ ™= R
312 High Temp, Morage 1°C - 3 hey min OK oK (3.3
313 Low Temp, Storsge -83%*C 2 hr min OK oK oK
N (.( x ox
3.8 Mechanical Shock per 4,5,1% UK oK “Fulled
3,16 Mechanica! Vibeation per 4.98,12 oK YrPailed oK
iLr Reduced Bavometeic Press, | 3.44 in, for 1 hr OK oK OK

W




Table V. 18mm Piezoelectric Transformer Summary of Test Results ~—
Second Engineering Sample

[r—— N . Input Input Output ** Output Output ' * Outpat
N Percant Hep: Blep-up . "
R/N | Fregqueacy y i Capacitance | D P Capa Dissipation Capacitance Dt ssipation
aie) Kihcioncy tato o | itatio i ey 0 1 (H ] ) 3 “m )
=l 0l 1, 730 4.3 0,1 26,8
v o 31,71 1.1 145,68 1448
gz 015 31,001 20,7 1436 148, 4
sg] o 31,600 4.3 n.0 23,8
g or7 32,183 20,0 1384 134.8
T] o1e 32,202 9,3 8.8 53,4
5;., o930 32,200 18,4 15,7 1.8
el 020 31,510 [EX] 190, 4 180,0
“jon 30,81 - 10,8 16,0
- §f o2 32,174 19,9 1.6 | 148,0
£ o 33,00 - 1.8 20,4
934 in. 40 10.3 2.8 2.8
1% ] 9,124 . 3,8 3,2 28,00 1.01 18,58 3,13 19,18 2,30
o4 32,101 22,8 4 ‘10,4 - - 18, 1M 0,7 15,517 0,83
_Jors 1, . 8 1o - . 41,67 0,00 2.3 1,09
Sjows - 20,0 26,03 108 20, 44 1,14 20,13 1.17
? £f o7 1.5 120,83 - - 20,33 0,8 22,35 1,07
¢ 2 o8 Y 86,8 26,47 1,4 20,80 1,04 19,83 0,83
vEfote . 0 - - 18,78 2.08 1,07 2,25
g | o2 18,4 188, 8 148.8 24.84 Q.80 LR 0,38 16,82 0,82
S jo It,s 8, 9.2 26,8 1.80 20,19 0,9 20,18 0,87
& |on 18,1 136,0 130,4 26,44 1.02 20,09 0.89 18,30 0.70
013 - 8.8 4,0 25,44 0,8 14,89 - - -
024 12,7 104 ", 4 27,78 1,08 15,24 o, 88 14,45 0,8
013 - 12.6 4.0
vid 2,8 9.0 n4,8
018 18,6 13,8 13,6
=] ots - "2 1.2
017 17,9 134.8 12%.3
4E| ote [ %] 61.2 7,2
1 Ki . L] 0.4
rg| 020 2,4 135.2 1208
| on - - -
$Z| o2 22.1 94,0 ", 0
o | o - - - -
024 - - -
(1% 28,567 . "2 20,4
x | o1 33,654 (Y] 54,4 82,0
] o1s 31,872 18,8 84,4 TR ] p
a{ ots 18, 708 - 13,2 4,8
Lg] 017 31,085 12,0 8.0 70,8
ag] on 30, 132 1.6 EEN ) 42,4
-l o1u 38,733 - 2.0 -
=21 020 31,57 13.3 1.6 "8
53} ozt 30,848 6,9 53,8 4%.2
s™ ] o2 n,. M 7. 40,0 59,8
& 023 . . - -
024 30, 568 . (1R ] 30,8

* Values have not been corrected for lower input voitage leveln,
** Values Have not been corrected for about 8 pf sirey capacitance,
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Table V.,

18mm Piezoelectric Transformer Summary of Test Results =~
: \
Second Engineering Sample (Concluded)
e o \ X "
sonant . - * o ut Pt Catput & matprat Cnatpal thnput
$/N | Frequency Percent _ | Step-up | Step-up Capacytance | Dasipation | Capacitance o | Diwsipat e -jlance Thasipat
Y Efficiency fHatio,, | Hatio | N % it T2 “(‘:7 Yy "‘::]""“‘ i ""(,':‘;' oy
4
? o5 OK (1.3 oK (8.1
3 018 (K uK (L3 (3.
22010 oK 3 oK uK
4
: ‘-‘i 013 3. 4%0 77,0 o, 8 a8
2 o018 31, 40 5.8 458 52,0
2 z 020 32,930 1.4 1. 173.2
.h'
v &[0 2.1 xz2,0 a0
%=1 018 w1 Y 45,2
4 § 030 18,1 148,0 146.8
T
=
"‘h s 11,581 ", w1 ne, 8
: EEB’ 0s 12, 193 1.6 1.4 k1.8
M H ) 12,634 21,8 110, 4 170.0
.
Y g K 31,80 4l 58, ™.
gExgfon 3,327 12.0 41.2 6.0
a.,'.'g.. 020 5.6 20,4 46,0 2.8
&
=] o 12, 457 .6 a8, 8 87.6
- B 12,342 8! 4,4 44.0
&4 020 32,807 8.5 1752 1774
-
r2]los 0, 141 - 12,4 "8
3& 0l8 11,274 5.8 36,0 40,4
«&| oz 32,833 182 1885, 0 162,48
it
g ozt oK oK oK ok
= ¥] o022 K [}3 oK OK
-
M
'*-b ot3 0K oK (19 OR
’!,:, 016 OK OK UK UK
3g o1 K OR (K UK
o] 014 13,172 25.6 109,2 1628 130 Hours
3| o7 32, 184 18, 40,4 127.6 150 Movr »
Jm} o2 32, 190 11,4 144,56 130, 4 730 Huure

Valuex have not been corrected for lower input “oltage fevels,
- vniued have not been corrected Lir about B pfoateay capat e,
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Table VI, 25mm Piezoelectric Transformer Summary of Test Resuits —~

Second Engineering Sample

(1] 29.04
n1 M, 821
o031 29,311
022 20,205
023 29,473
034 20,224

Poast-Temp. Shock

(Low Temp. Operation)
ooce
222
CXL )

[ Ty
evonant gt nput [ Output Output Cntpat
S/N | Froguons Capact A Capacit 1 ipation | ' ey | Dissipation
R BT _tnn 018 ipo m L en i)
"s 30,008
"s 3, 93
FEjots | 3070
e 39,533
o1 39,00
s 30,838
ne 30.813
=y |00 36, 155
<t m 0,50
5| 38, 130
o) 30,130
Elee | 304
"s 20, 473 31,22 0,70 23.9% 21,78 0.88
ol4 %, 33,803 0,87 10, 3¢ I8, 50 0.70
2 " 3,341 30,83 o, 80 18,80 18,03 0.7
-~ [ o8 30,278 32,04 0,80 27,40 26. 0.0
; o1 10,811 52,34 1,00 23, 00 T o, 4
s 30, 31,00 0,71 10,71 Loy 0,10
113 30, 133 21,64 0,82 21,57 P 1,08
=< | e 30,044 34,42 0,47 22,40 2,68 0,80
o1t o, 22,11 0,6 21,38 212,01 1,00
! o 30, "8 32,39 ne| 25, 43 21,84 0.88
03 30,151 30,53 0.6 18,70 17,43 0,88
o1 20, 350 30,86 0.70 18,61 1834 0,38
=[ms3 30, 108
28la1a | wl3m2
g: uis 30,70
tlon 30,563
& 07 | 2510
g 018 u.;:t
on », 001
"? 30, 504
L[ on 30, 438
zg oz | 30,074
013 30,280
T e 30, 331 L
013 9. 418
014 20,128
018 20, 359
18,301
20,845
20, 484

« Vajuss have not baen corracted for lower input voltage levels,
++ values have not been corrected for abo. 8 pf of stray capacitance,
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Table VI. 25mm Piezoelectric Transformer Summary of Test Results —

i

I

! .

| =
-

1

- o LY LM

Second Engineering Sample (Conclided)
. T g tnput taput Output Outpot Cutput Output
. N Percent ‘Nep-up Nep-up . ' ¢ P
SIN | Fraquency e s Copucitance | Dissipation | Capacltance Disatpation , , | Cupe
) v R oy} Ratioy 1 ity nf) 1%) wn M E O T % 2 .
HES
e ]oie OK OR oK
5 |ow oK oK oK
- | o3 R UK OK
Lef
%7 [0 ), 607 484 146,80 1812
a:,' s FC20 0. 8t 48,3 184.8 166, 0
gz 033 19, 388 .0 172, 8 184
S < -
4 jous | 0,94 ", 142.4 12,2
020 10, 560 a2, 143.4 142,0
é 023 30, W6 24.4 68,0 64,8
. &g.- 018 30, 16 11,8 8,2 1,
% B J;s 930 30,473 4,0 11.8 72,8
2,:35 023 30,457 .t 58,4 3,3
.2 i ‘
LeR% jous 2. 415 15,4 10.8 61,2
BELa fozo 2, 840 20,2 "4, 2 2,0
Emg= [0 m, 46 8.0 63,2 14,8 )
T 3 :
) % joe 30, 830 1.8 120.0 |, 1056
£ 1030 31,576 "t 18,4 - 2132
2 jon 10, 445 24,8 107.6 107, 2
;o Lx lois 30, M7 103.6 91,6
b 2% lozo 3034 | . 10,4 10,0
3 af® |ors 20,701 c 1,2 73,8
F _ -
[ Y oK ‘UK OK UK
85 1o OK 0K UK 0K
> 351 1 oK oK K oK
e o 11 Inpped tag Jeep
v 5 - 11 0,657 32,0 100, 8 100, 4
sus | 22 No physical damage But unit was dropped on
e the floor prior 16 the text and I was no longer
= working at the Line 1t was dipped inlo the solder,
'3‘;:
E 5’ 21 [§ 1 (R4 OK OK
[ 24 (K UK OK UK
27
» 11
'5 E 5] in progrews
=21 1 I

Values have not heen corpacted for (ower input vollage levely,
Valuea have not been corrected for aou 8 pf of sle1y capacitance,
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and VI give the detail test data obtained. The results of the 18 and 25mm second engineer-
ing sample build are discussed for each SCS-480 requireinent below:

Physical Characteristics; The weight of the revised 18mm and 25mm package
PETs was 4. 2 and 4. 85 grams, respectively. The redesigned 18mm case per-
formed quite satisfactorily and the warpage of the 25mm case was corrected by
annealing. The wall thickness of the top and base 25mm cases was [ound to be
oversize by 0.006 and 0. 015 inch, which led to the assembled case being 0.010
inch oversize in outside thickness and undersize about 0,010 inch inside clear-
ance. Tke injection mold die will be reworked to correct this problem. A pack-
age weight reduction of about 0.3 gram will be obtained and thus the 25mm PETs
will weigh about 4.5 grams,

Resistance to Soldering Heat: As with the first engineering samples, when only
the terminals were in contact with the solder, the packaged units survived the

soldering heat resistance tests. One 25mm unit (No. 017) was dipped too far
into the flux/solder bath and the face of the top case was partially melted.

Solderability: All units passed the solderability tests.

Terminal Strength: The terminals on two 18mm (021 and 023) and one 25mm (021)
units were pulled to destruction, Typical pull strengths were 10 to 12 pounds,
After several pounds of loading, the terminals remain tight and secure to the
package.

Induced Voltage: No failure to the induced voltage test occurred.

Thermal Shock: All 12 25mm and seven of eight 18mm PET package units that
were initially operational functioned after the specified thermal shock treatment.
One 18mm unit (019), which functioned prior to thermal shock, contained only
one oucput afterwards while another 18mm unit (021), which was unsatisfactory
prior to thermal shock, produced outputs from both secondaries.

High Temperature Siorage: All 18mm and 25mm PETs passed this test.

Low Temperature Storage: All 18mm and 25mm PETSs passed this test.

Humidity: All 13mm and 25mm PETs passed the required humidity test.

Mechzaaical Vibration: All 18mm and 25mm PETs passed this test except
one \/’12 output in a 25mm unit (020),
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11, Mechanical Shock: One 18mm and one 25nith PET unit failed to operate after the
mechanical shock test; however, all six units were partially crushed dﬁring the
mounting of the PETs in the test fixture, Rubber mounting pads will be added to

" the test fixture to prevent future damage. SRR )

12. Barometric Pressure: All 18mm and 25mm PET units passed tiie reduced baro-
metric pressure test,

13. Life Test: Three 18mm (014, 017, 022) and three 25mm (013, 015, N16) PET
units were selected and placed on life test June 7, 1976, These urnits reached
750 hours of testing without failure. i

14. Electrical Performance: Eight of the 18mm PETs and 11 of the 25mm PETs
produced significant output roltage.

H. 18mm PET

Three 18mm PETs were damaged during the final stages of closing the packages, while
one unit was apparently damaged during bonding and insertion into the top case.

Seven of the eight operational 18mm PETs (S/N 014, 015, 017, 018, 020, 02] and 022)
were of similar design, while S/N 024 contained the single primary single secondary type
"M" electrode design Jdiscussed last quarter 9, Only the standard electroded packages
are discussed below.

The average resonant frequency of the 18mm units was 32,15 kHz with a range of 31. 55
to 32. 79 kHz, which is slightly higher than the first engineering samples. The input
capacitance was 25. 07 nf, which is.lower than the 34. 93 nf obiained with wide electraded
first enginceering samples. The secondary capacitance and dissipation of 12 pf and 0. 9
percent were about the same as the previous set of PETs, The input dissipation of 1.0
percent was also about the same as previously.

The room temperature voltage step-up ratio was met by only two PETs, S/N 020 and 022,
while S/N 017 contained one acceptable output and a second output only slightly below the

minimum requirement of 153, The high temperature performance was normally equal to
or slightly better than the room temperature; for instance, both outputs of S/N 017 were

satisfactory., However, the output of S/N 020 and 022 decreased significantly., Poor con-
tact of the PETs terminals to the test fixture probably explains the low output of S/N 015,
017 and 020. In fact, the drop in output at -54°C was not as great as had been anticipated.
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The efficiency at resonance at all temperatures was less than desired. At room temper-
ature and 52°C the best units were only 24 to 26 percent as opposed to the desired 45 per-
cent, whiie at -54°C, 15 to 18 percent efficiency was obtained instead of the desired 25
percent inlntmum. Thus, at least a part of low output and efficiency of the first engineer-
ing samples was not a case problem, but a design/testing problem. Work is currenliy
under way to determine (1) the reason for such low efficiencies, and (2) methods to cor-
rect this problem. - e

Ve

I. 25mm PET

The 25mm PETs had an average input capacitance of 32 nf as opposed to the 44 nf wider
eluctrode, first engineering samples. Input dissipation was 0.8 percent, which was
about the same as the first engineering samples. Resonant frequency of the second engi-
neering samples averaged 30. 5 kHz as opposed to 30. 2 kHz for the previous sarples,

The voltage step-up requirement at room temperature and 52°C was met by six of the 25mm
PETs. S/N 013, 014, 015, 016, 018 and 020. At -54°C, S/N 015 and 018 were slightly
below the minimum ratio for a total of 10 good units. The efficiency at resonance at roum
temperature and 52°C was greater than 50 percent and three others were about 45 percent.
At -54°C, five units had an efficiency between 20 and 26 percent. At -54 and +52°C, tem-
paeratures, the resonant frequency was about 1.0 kHz lower and 0. 2 kHz higher, respect-
ively, than the PETs' room temperature value,
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SECTION IV
CONCLUSIONS

‘ Both of the 18mm and 26mm package designs meet the phyasical and envlromﬁental require-

, ments of this program and therefore no further changes need to be made in the packaging
- T S approach. The 23mm PETs appear to be meeting their electrical performance require-

ments, thus this item is ready for the confirmatory build phase. The low efficiency and

- marginal voltage step~up ratio indicate the need for further studies on the 18mm design.
. :
- :
E e
E
4 -
F :
.
: : :
i
1~

wn
v e

* 21

£ -

st e g S AT b e




1
]
SECTION V
RECOMMENDATIONS
Additional 18mun units need to be: built to determine how to improvi. their voltage atep=up
ratio and efficiency before the confirmatory build phase is started.
i
™

28

E]
E
i
3
3
x
E
3
3
4
B
3
3

3
3
E]
K
k|

ataomsld AL

E
%




SECTION Vi
REPORTS

B

The third quarterly report on this program was approved and has been published and dis-

tributed during this report period. No other reports or publications have been made on
this program,
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SECTION Vi1
IDENTIFICATION OF PE RSONNL L

During the fourth quarter of thia progran:. the following perscanel worked the indicated il

hours in their area of responsibility. No new professional peraons, whose backgrounds -
ha » not been given prevtouslyu' 2). were used, _
F Individual Reaponsibility Hours o~
3 1
L
- W. B. Harrison* Program Manager 70

W. H. Kammeyer: Productiun Engineer, €
.Ceramic Manufacture
and PET Assembly

L. F. Hiltner: Quality Engineer 63

TR TR

M. P. Murphy Ceramic Technician 261
Ceramic Manufacturing

M. R. Sandberg Ceramic Technician 18
Package Assembly

Miscellaneous Production 22

R. Ripley Inap. PET Testing 49

Y I WW”W"’WWMW‘W"
P
-

E. Jackman instrumentation 17
Technician Life Test Circuits

I
- on

P. Schansberg Instrumentation 90
Technician Life Test Circuits

Erickson Drafting 31
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“Backgrounds given in First and Second Quarterly Reports
3
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APPENDIX A
PARTS AND DRAWINGS

¥

18mm Parts and Drawing List

AR ST T

gL
Al
-

Drawing No. Drawing Title

r ; z_ 28100560 Piezoelectric Transformer (18mm)
-3 2810: 578 Case, Base

SRRY 28100581 Case, Base Molding (18mm)
28100576 Element, Piezoelectric

s 28100577 Case, Top

28100579 Shorting Bar (18mm)

AR ’ 28100580 Case, Top Molding (18mm)
28100570-002 Pin
28100572 Terminal

R L I A

25mm Parts and Drawing List

Drawing No. Drawing Title

28100561 Piezoelectric Transformer (25mm)
28100568 | Case, Base E
28100575 Case, Base (Molded)

28100571 Element, Piezoelectric

28100569 Case, Top (25mm)

28100573 Shorting Bar (25mm)

28100574 Case, Top Molded (25mm)
28100570-001 Pin
28100570-003 Negative Terminal Pin

! 28100572 Terminal
R
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